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Abstract 
The present paper presents an instrument realized with Excel interactive spreadsheets to study the vertical motion of a body in 
Earth’s gravitational field. The instrument comparatively analyzes the motion of a spherical body launched vertically when air 
friction is not considered, to the movement of the same body when both air friction and the buoyant force are taken into 
consideration. We have explored a series of facilities of spreadsheets, for example the rapid feedback to the data change or the 
capacity of graphic representation of certain measures according to the tables with values. The instrument proves very useful both 
in teaching and in learning. Thus, many cases can be quickly analyzed by modifying the input data. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The study of motion in a gravitational field represents one of the basic applications of classical mechanics, 
included in any course focusing on an introduction to Physics. In the specialty literature, it has been demonstrated 
that there are various ways of approaching motion in a gravitational field in a resistive medium. The asymmetry of 
the law of vertical motion for a body in a gravitational field in a resistive medium has been analyzed taking into 
account the fact that the resistive force depends arbitrarily on the velocity. There are studies (Rooney & Eberhard, 
2011) in which there are obtained pieces of qualitative information on the trajectory and which show how the 
difference between the time of ascent and the time of descent grows with the value of the initial velocity. For the 
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study of the motion of the projectile launched under a certain angle to the horizon, an approximate formula is 
obtained for the position of the vertical asymptote, directly from the initial conditions of the throw (Chudinov, 
2010). Also, the general properties are established for the trajectory by developing an approximate solution for the 
equations of motion (Hayen, 2003). Certain articles focus on the asymmetric nature of the projectile trajectories and 
compare the initial launch angle to the one corresponding to the maximum distance covered horizontally (Stewart, 
2012).  The present paper presents an instrument realized with Excel spreadsheets to study the vertical motion of a 
body in a gravitational field taking into consideration air friction and the buoyant force. The body is considered to be 
spherical and the drag force proportional to the square velocity. Many authors plead for the use of spreadsheets 
demonstrating their multiple advantages, describing their facile use in Physics lessons with examples of data 
processing according to tables and their graphic representation (Webb, 1993). Moreover, an emphasis is placed upon 
their calculus capacity through the functions available for users, and the rapid feedback when modifying data 
(Cooke, 1997; Lingard, 2003). Studies have shown that students have a better grasp of the definition of certain 
measures by dealing with basic calculi, as for instance the notion of velocity, while the instantaneous graphic 
response of the finite product represents an advantage in acquiring the concepts of Physics (Fowler, 2004).  In a 
series of recent papers (Singh & Siddiqui, 2009; Benacka, 2009; Benacka, 2010) Excel spreadsheets have helped 
describe the simulation of motion in the case of a projectile in a gravitational field. The present paper brings certain 
novelties regarding data organization in several interactive spreadsheets and the comparative graphic analysis of the 
asymmetry of the motion law in a resistive medium for different values of the initial velocity. Also, the same chart 
represents the dependency of the maximum height on the initial velocity in the case of motion in vacuum and in the 
case of motion in a resistive medium.  
2. Theoretical background 
We consider a body that moves vertically in a gravitational field in a resistive medium. We neglect the variation 
of the gravitational acceleration with the altitude and the Coriolis force. Under these conditions, marking with v1 the 
upward velocity and with v2 the downward velocity, the equation of motion is as follows: 
x When ascending 
2a1
a 1
dv 1m mg mg C Sv
dt 2
U    UU         (1) 
x When descending 
2a2
a 2
dv 1m mg mg C Sv
dt 2
U   UU         (2) 
The second member of the relations (1) and (2) is a sum in which the first term represents the weight force, the 
second term represents the buoyant force, while the third represents the drag force with the square dependency of 
velocity. In the relations (1) and (2) the significance of the measures is: m - mass of the body, g -gravitational 
acceleration, Ua - density of the medium (of air), U - density of the body, C - drag coefficient dependent on the shape 
of the body and on the velocity by the Reynolds’ number, S - cross-sectional area, t - time.  
In the present paper we render certain results obtained after the integration of the equations (1) and (2) in a way 
that is similar to the one treated in literature (Timmerman & van der Weele, 1999). In this respect, we introduce the 
following measures: 
x Effective gravitational acceleration, g*, through the relation: 
* ag g 1§ ·U ¨ ¸U© ¹
           (3) 
x Terminal velocity, vL, obtained under the condition: 
* 2
r a
1mg F C Sv
2
  U           (4) 
therefore: 
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We consider the case in which the body is launched vertically from the ground with the initial velocity v0. We 
obtain the following equations: 
x Maximum height, hm, reached by the body: 
22
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L
vvh ln 1
v2g
ª º§ ·« »  ¨ ¸« »© ¹¬ ¼
         (6) 
x Time of ascent, tu, at maximum height: 
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L
vvt arctg
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          (7) 
x Time dependency of the height, h1=h1(t), when ascending: 
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x Time of descent, tc, from the maximum height from the ground: 
2
0 0L
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         (9) 
x Time dependency of the height, h2=h2(t), when descending: 
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        (10) 
In the case of a spherical body with the radius R, the cross-sectional area is S=SR2 and the drag coefficient is 
C=0,47. The value of the drag coefficient can be determined by a classical experiment as well (Constantinescu & 
Barna, 2012).  
3. The instrument “Simulation of vertical motion” 
With the help of the instrument entitled “Simulation of vertical motion” we can simulate the vertical motion of a 
spherical body in a gravitational field, by comparing the motion in vacuum to the motion in a resistive medium. The 
instrument is made up of a main spreadsheet and several secondary spreadsheets that are in interaction with the main 
spreadsheet. In the main spreadsheet we obtain the results for a series of parameters of motion after we have 
introduced certain data. Also, this spreadsheet contains the chart that renders the height according to time. In the 
secondary spreadsheets, intermediary calculi are done for the results from the main spreadsheet, source-tables are 
organized for the charts of the instrument and other charts, besides the one from the main spreadsheet, are presented. 
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Fig. 1. Main spreadsheet of the instrument “Simulation of vertical motion”  
 
  The main spreadsheet, rendered in figure 1, is made up of two sections: “Data Input” and “Results”, both 
organized under the form of two tables with two columns and several rows. Beside the tables, there are the charts of 
height dependency on time when the motion takes place in vacuum and when the motion takes place in a resistive 
medium. The section “Data input” is divided in two sub-sections. In the first sub-section, “General Data”, the values 
for the following measures are introduced: gravitational acceleration, g, air density, Ua, mass of spherical body, m, 
radius of spherical body, R, drag coefficient, C. In the second sub-section, “Initial Conditions’’, the initial velocity 
of the body, v0, is introduced. In the section “Results” there are calculated: the maximum height reached by the 
body, hm, the time of ascent, tu, the time of descent, tc, and the total ascent-descent time, T, when the motion takes 
place in vacuum and in a resistive medium. 
To obtain the values from the section “Results”, in the case of a resistive medium we have to transcribe equations 
(6), (7) and (9) in Excel. In the case of motion in vacuum we have to transcribe in Excel equations (11) and (12):  
2
0
m
vh
2g
            (11) 
u c 0t t v g             (12) 
Also, we will transcribe in Excel equation (13) for the total time of motion, T. We consider the values 
corresponding to the two situations, in vacuum and in a resistive medium, for the time of ascent, tu, and the time of 
descent, tc: 
u cT t t             (13) 
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Fig. 2. Spreadsheet for the analysis of the asymmetry of the law of motion in a resistive medium 
 
We name the cells in which we introduce the data as follows: “Acceleration_g” for the cell B5, “Density_A” for 
the cell B6, “Mass” for the cell B7, “Radius” for the cell B8, “Coefficient” for the cell B9 and “Velocity_0” for the 
cell B11. The values introduced in cells B7, B8 for the mass and the radius of the spherical body, refer to the 
children’s ball. In the secondary spreadsheet entitled “Intermediary Calculi”, there are calculated: the cross-sectional 
area, S, the density of the spherical body, U, the effective gravitational acceleration, g*, and the terminal velocity, vL. 
For the first two measures, the relations SR2 and m/[(4/3)SR3] are transcribed in Excel, and for the other two, the 
equations (3) and (5) using the names of cells from the main spreadsheet. The cells in which we calculate these 
measures are named as follows: “Surface_S”, “Density_C”, “Acceleration_gef” and “Velocity_L”. With the 
previous names, the Excel formulae in the main spreadsheet for the maximum height, the time of ascent and the time 
of descent in a resistive medium, are written as follows:  
x Maximum height, hm, in cell B21: 
“=(Velocity_L^2/(2*Acceleration_gef))*LN(1+(Velocity_0/Velocity_L)^2)” 
x Time of ascent, tu, in cell B22: 
“=(Velocity_L/Acceleration_gef)*ATAN(Velocity_0/Velocity_L)” 
x Time of descent, tc, in cell B23:  
“=(Velocity_L/Acceleration_gef)*LN((Velocity_0/Velocity_L)+SQRT(1+(Velocity_0/Velocity_L)^2))” 
In an analogue way, the formulae for the calculus of the measures are written in Excel, when there is no resistive 
medium there is a much more simple formula. For example, for the maximum height, hm*, in cell B15, we write the 
Excel formula ‘’=Velocity_0^2/(2*Acceleration_g)’’. 
The source-table for the chart in the main spreadsheet, placed in a secondary spreadsheet, contains the column in 
which there are generated the values of the moments in time, and the columns in which there is calculated the height 
according to time in vacuum and in a resistive medium. Also, to mark on the chart the moment, the time of ascent, 
the total time of motion and the maximum height, we use several extra columns in the table. These marks are 
rendered on a chart with dotted lines and bold dots. We have considered a time quantum equal to the 200th part of 
the maximum between the total ascent-descent time in vacuum and the total time in a resistive medium. To calculate 
the height according to time in vacuum relation we use formula (14) transcribed in Excel: 
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Fig. 3. The chart of the maximum height according to the initial velocity 
 
To calculate the height according to time in the resistive medium we use the logical function IF, writing in Excel 
the relation (8) for values of the time moments that are smaller than or equal to the time of ascent, tdtu, and the 
relation (10) for values of the time moments that are bigger than the time of ascent, t>tu. When modifying the data 
from the section “Data Input”, we observe the change in results and the two curves from the chart h=h(t). In this 
chart, the blue curve is drawn for the motion in vacuum and the red curve is drawn for the motion in the resistive 
medium. The bigger the initial velocity, the farther the “red” curve goes from the “blue” one, becoming more and 
more asymmetrical in comparison to the vertical axis represented by the red dot in figure 1. The “blue” curve 
remains symmetrical compared to the dotted axis drawn in blue in figure 1 in the case in which there is no resistive 
medium.  
 We have created a new spreadsheet in which there are graphically represented three curves of the height 
according to time for three different initial velocities. This representation emphasizes the asymmetrical aspect of the 
law of motion in a resistive medium. The three velocities can be modified in the table next to the chart. The other 
input data can be modified in the main spreadsheet, in the sub-section “General Data” of the “Data Input” section. 
To characterize the asymmetry of the curves we have calculated the ratio between the descent time and the ascent 
time for each of the three initial velocities. The curve grows in asymmetry as the ratio becomes bigger. As it can be 
observed in figure 2, the asymmetry of the law of motion grows with the initial velocity.  
In figure 3 the same chart renders the dependency of the maximum height on the initial velocity when the motion 
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takes place in vacuum and in a resistive medium. The curves are obtained with the general data presented in figure 
1. As it can be observed in figure 3, at small initial velocities, the two curves are very close one to another, 
practically overlapping, but once the initial velocity increases, they grow in distance one from another 
4. Conclusions 
The instrument “Simulation of vertical motion” is useful both in teaching and in learning. Emphasis is placed 
upon the comparison between the motion in vacuum and the one in a resistive medium so that students observe 
under which conditions we can ignore the presence of the resistive medium in a gravitational field when studying 
the vertical motion. This paper continues the study of the authors exploring spreadsheets in learning the concepts of 
Physics (Grigore et al., 2013; Grigore, 2013). The instrument developed with spreadsheets allows the comparative 
study of a large number of situations employing different sets of input data in order to monitor the effect. Thus, it is 
proven that the spreadsheet can be a didactic instrument beneficial for a variety of problems, obtaining important 
results without having to use a special programming language.  Teachers can use adequate strategies (Iofciu et al., 
2013; Garabet et al., 2012; Dinescu et al., 2013; Dinescu et al., 2011) and didactic tools (Iofciu et al., 2012; Stoica et 
al., 2011) to introduce them to their science-interested students and can ensure the increase of the school 
performance and, implicitly, of the motivation for studying Physics. 
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